Species in the genus Vibrio exhibit flagellar (H) antigens unique to the species. Thus, species-specific H antiserum could be a valuable reagent with which to screen serologically large numbers of Vibrio isolates. Antisera against V. cholerae, V. fluvialis, V. anguillarum, V. metschnikovii, V. parahaemolyticus, V. alginolyticus, and V. vulnificus H antigens was produced in rabbits by repeated injections of Formalin-preserved In addition to V. cholerae, other Vibrio species are of public health significance since they have been associated with human disease and are contracted from food items harvested from water, or from the water directly (5). These organisms include V. fluvialis, V. anguillarum, V. parahaemolyticus, V. vulnificus, V. metschnikovii, and, more recently, V. hollisae (9). Terada (21) and Sakazaki et al. (13) reported that the H antigens of V. parahaemolyticus are different from those of V. cholerae and V. anguillarum, and Shinoda et al. (16, 17) extended this finding to include V. alginolyticus, which, they reported, shares its single H antigenic determinant with V. parahaemolyticus. These findings, coupled with the report of Bhattacharyya (2) that V. metschnikovii and V. anguillarum possess serologically unique H antigens, gave impetus to our investigation. A large array of bacteriological media and reagents and a considerable amount of time are required to identify pathogenic vibrios from among countless isolates picked from the primary plating medium. It would be very useful if a serological reagent, i.e., species-specific anti-H serum, could be used to detect Vibrio pathogens in a rapid, reliable, discernible fashion one or two steps beyond primary isolation.
Evidence that species within the genus Vibrio exhibit an antigen(s) on their flagella which is unique to the species was first reported by Gardner and Venkatraman (8) . They advised against use of Formalin-killed suspensions of Vibrio cholerae 01 cells to produce diagnostic antiserum in rabbits because such antiserum contains, in addition to the discriminating anti-O antibody, anti-flagellar (H) activity which agglutinates both 01 and non-O1 motile V. cholerae isolates. This finding was confirmed by Sakazaki et al. (13) and by Bhattacharyya and Mukerjee (2, 4) , who extended this observation when they showed that V. metschnikovii and V. anguillarum also possess flagellar antigens unique to each of these species and that these two species also share minor H antigens with each other and V. cholerae. Sil and Bhattacharyya (19) described a slide agglutination test in which anti-V. cholerae H serum agglutinated 98.9% of all serotypes of V. cholerae isolates tested from both human and environmental sources, whereas isolates of other Vibrio species were not agglutinated. These findings led these authors to state that the serological detection of flagellar antigens of V. cholerae 01 and non-O1 should be considered a classificatory criterion for the species.
In addition to V. cholerae, other Vibrio species are of public health significance since they have been associated with human disease and are contracted from food items harvested from water, or from the water directly (5) . These organisms include V. fluvialis, V. anguillarum, V. parahaemolyticus, V. vulnificus, V. metschnikovii, and, more recently, V. hollisae (9) . Terada (21) and Sakazaki et al. (13) reported that the H antigens of V. parahaemolyticus are different from those of V. cholerae and V. anguillarum, and Shinoda et al. (16, 17) extended this finding to include V. alginolyticus, which, they reported, shares its single H antigenic determinant with V. parahaemolyticus. These findings, coupled with the report of Bhattacharyya (2) that V. metschnikovii and V. anguillarum possess serologically unique H antigens, gave impetus to our investigation. A large array of bacteriological media and reagents and a considerable amount of time are required to identify pathogenic vibrios from among countless isolates picked from the primary plating medium. It would be very useful if a serological reagent, i.e., species-specific anti-H serum, could be used to detect Vibrio pathogens in a rapid, reliable, discernible fashion one or two steps beyond primary isolation.
In this investigation, anti-H sera against seven different Vibrio species were produced in rabbits, properly absorbed, and then used to identify serologically five of these species from among 467 randomly selected Vibrio isolates recovered from the Louisiana environment. 0 serology. The anti-O activity present in the sera of rabbits immunized with the formolized whole-cell vaccines was tested for in two ways. The bacterial tube agglutination test was done by the method of Bhattacharyya (3), and the passive hemagglutination (PHA) assay was performed by the method of Auzins (1) . For PHA, lipopolysaccharide (LPS) was extracted from each vaccine strain, coated onto rabbit erythrocytes (RRBC), and added as an 0 antigen to dilutions of anti-OH. LPS was extracted from each of the vaccine strains by the phenol-water method of Westphal and Jann (22) . The LPS was dissolved in PBS to give 1 mg/ ml and treated with 0.02 N NaOH for 5 h at 37°C to hydrolyze the lipid from the carbohydrate 0 antigen moiety (1). The detoxified LPS was then further diluted in PBS to 50 ,ug/ml, mixed with an equal volume of a thrice-washed 5% suspension of RRBC, and incubated at 37°C for 2 h. The LPS-sensitized RRBC were washed three times and diluted in PBS to give a 0.5% suspension (vol/vol) of RRBC (1). To tubes containing 0.5 ml of twofold dilutions of anti-OH, 0.5-ml volumes of LPS-sensitized RRBC were added. The tubes were incubated at 37°C for 2 h, followed by overnight incubation at 4°C, and then examined for hemagglutination patterns.
MATERIALS AND METHODS
Absorption of anti-OH to remove anti-O. Anti-O activity was removed from each of the seven anti-OH sera by using the 0-antigen-cellulose column method described by Bhattacharyya and Mukerjee (4, 12 In similar fashion, cross-reacting anti-H activity was absorbed from anti-H serum to render the antiserum species specific. An H-antigen-cellulose slurry was prepared by mixing cellulose with Formalin-preserved cells of the heterologous (cross-reacting) H strain. Anti-H serum was cycled through a column packed with the H-antigen-cellulose matrix until anti-H activity to the heterologous organism was removed as determined by H agglutination.
Samples of each of the seven anti-OH sera were absorbed by percolating the sera through homologous 0-antigen-cellulose columns. Species-specific anti-H serum was prepared from each of the seven antisera after ascertaining the cross-reacting anti-H activity in each of these antisera by way of a checkerboard titration. Included in the checkerboard titration were motile suspensions of V. pelagius ATCC 25916, V. harveyi NCMB 1280, V. nereis ATCC 25917, V. natriegens ATCC 14048, V. proteolyticus NCMB 1326, and V. campbelli ATCC 25920 (provided by Terry Donovan, Public Health Laboratory, Preston Hall Hospital, Maidstone, Kent, England).
Bacteriological identification procedures for Vibrio species. A total of 467 Vibrio isolates were selected randomly from among several thousand isolates recovered from environmental specimens processed bacteriologically at the Lake Charles Regional Laboratory, Lake Charles, La. The bacteriological identification protocols were in place to monitor water, sediment, sewer samples, and shellfish for the presence of V. cholerae, V. parahaemolyticus, V. fluvialis, and V.
vulnificus. The specimens were enriched in alkaline peptone broth or Horie broth and streaked after 18 h to thiosulfate citrate bile salts agar for isolation. Both sucrose-positive and -negative colonies were picked, and a minimum number of biochemical tests were run to identify presumptively these four Vibrio species. These tests included Kligler iron agar; syntheses of oxidase or gelatinase; growth in 0, 3, 7, and 10%o NaCl; VOL. 18, 1983 402 TASSIN ET AL. utilization of indole, lysine, arginine, ornithine, sucrose, arabinose, mannose, lactose, or o-nitrophenyl-P-D-galactopyranoside; and sensitivity to the vibriostatic agent 0129. In addition to these four species, additional Vibrio isolates were recovered and presumptively identified within the limitations of the tests in use during the survey.
Serological identification of Vibrio isolates with anti-H. Each of the 467 Vibrio isolates was assigned a number code, inoculated onto Trypticase soy agar slants, and sent to the Louisiana State University, Baton Rouge. Upon receipt the slants were stored in the dark at room temperature. Over a 2-month period at 4-to 5-day intervals, 40 to 50 isolates were transferred to tubes (18 by 150 mm) which contained a long slant of alkaline peptone agar (1% peptone-1% NaCl-1.5% agar, pH 8.5). The coded isolates were incubated at 30°C for 24 h. No attempts were made to select for or to enhance motility. The 24-h growth from each slant was suspended in 2 ml offormolized PBS, and 0.1 ml of the Vibrio suspension was delivered to 1-ml volumes of a screening and a confirming dilution of each of the seven anti-H sera. The screening dilutions were selected arbitrarily for each of the seven sera. The confirming dilution used was 50% of the H titer to the homologous strain (4) after 0 and H absorptions had been made. The tubes were incubated at 15°C and examined for H flocculation at 2 and 18 h.
RESULTS
Anti-OH serum. Each of the seven H antisera showed antibody activity to both cell wall antigens and flagellar antigens. Figure 1 shows the efficiency with which the 0-antigen-cellulose matrix removed anti-O activity from anti-OH serum. Anti-V. cholerae OH serum showed an anti-H titer of 32,000 and an anti-O PHA titer of 2,048 before anti-O absorption in the 0-antigencellulose column. After five cycles all detectable anti-O PHA activity was removed, whereas anti-H activity remained elevated (titer, 32,000). The anti-OH sera produced against the other six Vibrio species were cycled through homologous 0-antigen-cellulose columns until all detectable anti-O activity had been absorbed. Complete absorption of anti-O activity as determined by PHA generally required that the serum be cycled through the 0-antigen-cellulose matrix at least five times. This could be accomplished in a 5-to 6-h period. Species specificity of anti-H serum. To ascertain the spectrum and level of cross-reaction that each of the seven anti-H sera displayed, they were each tested by H agglutination against the homologous vaccine strain, the six heterologous vaccine strains, and seven additional Vibrio species. Table 1 shows the H agglutination titers in the checkerboard titration. Both anti-V. anguillarum and anti-V. vulnificus sera agglutinated their respective homologous H-antigen preparations only. Anti-V. parahaemolyticus and anti-V. alginolyticus sera showed cross-reactivity, as expected (16, 17) . The H-agglutination patterns imply that V. fluvialis shares common H antigens with V. cholerae, V. metschnikovii, and V. mimicus. The only heterologous Vibrio species agglutinated by the anti-H sera was V. campbelli, which was agglutinated by both anti-V. parahaemolyticus and anti-V. alginolyticus sera.
Preparation of species-specific H serum. Table  2 presents the serological evidence that V. fluvialis possesses species-specific H antigens. Anti-V. cholerae H serum (dilutions starting at 1:10) agglutinated V. metschnikovii, V. anguillarum, and also V. fluvialis. When anti-V. cholerae H serum was absorbed with H-antigen preparations of V.fluvialis, the anti-H activity to both V. fluvialis and V. metschnikovii was removed. This finding suggests these two species share a common minor H determinant with V. cholerae that is serologically different from the major species-specific H-antigen. V. anguillarum appears to share a second minor H antigen with V. cholerae. Next, anti-V. fluvialis H serum was tested, and this antiserum reacted with the three heterologous H antigen preparations as well as the homologous H ( Table 2) (16, 17) . The H-flocculation titers of anti-V. anguillarum against V. cholerae, V. fluvialis, and V. metschnikovii were less than 1 :100 in the serum tested.
H flocculation of 467 environmental Vibrio species. Each of the seven H antisera was used next to screen coded, unknown suspensions of Vibrio isolates at a 1:1,000 dilution (except anti-V. alginolyticus and anti-V. anguillarum, which were used at a dilution of 1:250). A confirming dilution of each anti-serum was used at approximately 50% of the titer to the homologous vaccine strain after H absorptions were completed: 1:5,000 for anti-V. cholerae, anti-V. fluvialis, and anti-V. vulnificus, 1:3,000 for anti-V. parahaemolyticus and anti-V. metschnikovii, and 1:1,000 for anti-V. alginolyticus and anti-V. anguillarum.
All 24 isolates identified bacteriologically as Thirty-nine isolates of V. vulnificus (24 environmental and 15 human isolates) were tested, and 38 (97.4%) were flocculated by anti-V. vulnificus H serum within 2 h. The single environmental isolate not flocculated was nonmotile.
Twelve V. campbelli, 4 Aeromonas, 17 V. harveyi, and 11 marine vibrio isolates were not flocculated by the seven antisera.
The discrepancies that arose between bacteriological and serological identification involved 40 Vibrio isolates. These isolates were identified bacteriologically as 8 V. pelagius, 18 V. natriegens, and 14 V. harveyi within the bacteriological confinements set up to identify four species of Vibrio. Type strains of these three Vibrio species were not agglutinated by any of the seven anti-H sera when tested (Table 1) by checkerboard titration. DISCUSSION The identification of Vibrio species of public health significance by bacteriological methods involves the utilization of a large array of biochemical tests over a period of many days, a task rarely undertaken in many laboratories. A serological scheme which employs species-specific H antiserum provides a basis for a systematic approach to the problem of identifying pathogenic species of Vibrio one step beyond primary isolation.
Flagellar antigens unique to V. cholerae (2, 4, 8, 13), V. metschnikovii (2), V. anguillarum (2, 10) , and V. parahaemolyticus-V. alginolyticus (11, 16, 17, 21) have been reported and confirmed. This list can be extended to include V. fluvialis and V. vulnificus. In our study, anti-V. vulnificus H serum did not agglutinate motile cells of 13 Vibrio species tested. V. fluvialis, on the other hand, appears to share H antigens with V. cholerae, V. metschnikovii, and V. anguillarum. Sequential absorption of anti-V. fluvialis H serum with V. cholerae and V. anguillarum H preparations rendered the antiserum species specific within the realm of the Vibrio species tested. Anti-V. cholerae and anti-V. metschnikovii H sera were also absorbed with heterologous H-antigen suspensions to produce species-specific anti-H activity. The H-antigen-cellulose column method proved efficient for absorption of serologically detectable heterologous anti-H antibody.
Shinoda et al. (15) reported that flagellin extracted from the polar flagella of V. parahaemolyticus possessed common antigens with various other species of Vibrio which included V. cholerae, V. anguillarum, and V. campbelli, as shown by gel diffusion. This finding was in opposition to the observations of Sakazaki et al. (14) , Terada (21) , and Bhattacharyya and Mukerjee (2, 4), who reported that the H antigen of V. parahaemolyticus is different and not crossreactive with the above-mentioned Vibrio species when tested by H agglutination. The discrepancy between results obtained by gel diffusion and those obtained by H agglutination was resolved by Shinoda et al. (18) in a recent report. They showed that the flagella of V. parahaemolyticus possess two different antigenic determinants. One determinant is on the surface of the intact flagella (detectable by H agglutination) and disappears in dissociated monomers (flagellin). The second determinant (common antigen) is exposed only when the flagella are dissociated to flagellin monomers at which time it is demonstrated by gel diffusion. For these reasons anti-H serum prepared in our study was produced in rabbits immunized with Formalin-preserved motile cells of Vibrio.
We envision utilizing species-specific H antiserum in the following protocol. Water, feces, shellfish, or any environmental sample under study would be inoculated into a suitable enrichment broth, i.e., alkaline peptone water, which after a suitable incubation period would be inoculated onto TCBS. Sucrose-positive colonies VOL. 18, 1983 406 TASSIN ET AL.
(potentially V. cholerae, V. metschnikovii, V.
fluvialis, and V. alginolyticus) and sucrose-negative colonies (possibly V. parahaemolyticus, V. mimicus, and V. vulnificus) would be inoculated into Kligler iron agar, examined for gelatinase activity, tested for growth in 0, 3, 5, 7, or 10% NaCl, and tested for sensitivity to 0129 and oxidase activity. Next, those isolates presumptively identified as Vibrio species, based upon the reactions in the tests listed above, would be tested in species-specific H antiserum. If the above scenario had been implemented in this study, the identification rate for sucrose-positive, oxidase-negative V. metschnikovii would have been 100%, as 24 isolates identified bacteriologically as V. metschnikovii were agglutinated within 2 h in anti-V. metschnikovii H serum. Of 118 isolates identified as V. cholerae, 117 (99.1%) agglutinated in anti-V. cholerae H serum, and 57 of the 58 V. fluvialis isolates (98.2%) agglutinated within 2 h in anti-V. fluvialis H serum.
When the sucrose-negative colonies were tested serologically in the H antisera, the nine V. mimicus isolates agglutinated within 2 h in anti-V. cholerae H serum, a finding which was anticipated since this organism has only recently been removed from V. cholerae and given species status (7) . It would appear that V. mimicus possesses antigens in common with or identical to those of V. cholerae. Anti-V. harveyi, and anti-V. vulnificus agglutinated the other three isolates identified as V. pelagius. In each of these situations H flocculation was evident within 2 h in the higher confirming dilution. None of the above-mentioned antisera, tested before H absorption, flocculated known strains of V. natriegens, V. pelagius, or V. harveyi. Upon reinspection of the bacteriological tests performed on these 40 isolates, it was determined that the three isolates identified as V. pelagius that were agglutinated by anti-V. vulnificus (Table 3) were in fact V. vulnificus. It is tempting to suggest that the 17 V. natriegens and S V. pelagius isolates which flocculated within 2 h in confirming dilutions of anti-V. fluvialis H serum, and the 14 V. harveyi isolates which agglutinated in anti-V. parahaemolyticus H serum, were also incorrectly identified within the confinements of the minimal number of tests used in bacteriological identification. It had not been the intent of the bacteriological survey from which these 467 isolates were lifted to identify vibrios other than V. cholerae, V. fluvialis, V. parahaemolyticus, and V. vulnificus. It is also possible that these 36 strains represented unknown Vibrio species which possess H antigens, in common with V. fluvialis or V. parahaemolyticus, to which the antibody activity had not been removed in the absorption steps performed. The dilemma can only be resolved by showing whether V. natriegens and V. pelagius possess H antigens unique to these species, or by extending the number of biochemical tests.
Bhattacharyya (2), Sil and Bhattacharyya (19) , and Castellani Pastoris et al. (6) in a series of papers described a rapid slide agglutination test for the identification of all 0 serotypes of V. cholerae. The novel feature of this test is that 1.5% phenol is incorporated in the saline used to prepare cell suspensions. Phenol treatment increased H and reduced 0 sensitivity by damaging the outer envelope membrane (sheath) which normally covers the flagellum which may act as a barrier to H antibody. The species specificity of the slide test was such that 52 of 53 V. cholerae isolates reacted with positive agglutination, whereas 43 species other than V. cholerae were negative (20) .
In 1977 a more extensive survey was done by Castellani Pastoris et al. (6) . They tested 1,081 V. cholerae isolates by the phenol slide agglutination test, and 98.9% were correctly identified with anti-H serum. Sil et al. (20) reported that J. CLIN. MICROBIOL. conventional bacteriological tests failed to correctly identify 5% of V. cholerae 01 and non-01. One drawback to the slide agglutination test, other than the time required to give personal attention to each isolate, is that it may have to be performed as many as three times on each isolate, to change phenol concentrations in the suspending buffer or to change exposure time to the phenol, before an isolate may be declared negative. In our study each isolate was tested against seven different H sera by tube agglutination at 51°C. Elevated incubation temperature has been reported to increase H sensitivity (4) .
For those laboratories who identify large numbers of Vibrio sp. isolates, the incorporation of H antisera into the identification schemes will save time and produce identification rates with high accuracies. A 10-ml volume of absorbed high-titer serum will be sufficient to screen greater than 10,000 potential Vibrio isolates.
